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Abstract: The urgency of obesity issue is undeniable. Obesity is now considered the most important risk factor of cardiovascular diseases. 
Numerous studies have demonstrated the negative effect of excessive adipose tissue on structural and functional changes in the heart that 
lead to development of left ventricular hypertrophy, arrhythmias and conduction abnormalities, as well as progression of diastolic and 
systolic heart failure. High prevalence of obesity – so high that it can be called a pandemic – greatly contributes to the increased incidence 
of cardiovascular diseases. Studying the problem of obesity is a priority area of focus for modern medicine. This article describes hormonal, 
metabolic and hemodynamic features of obesity impact on cardiovascular system and describes pathogenetic mechanisms of 
cardiovascular pathology development. 
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Introduction  

Obesity is now one of the major problems of mankind. High 
obesity prevalence and considerable treatment cost of diseases 
associated with overweight determine the great social significance 
of this pathology. The overweight and obesity prevalence in the 
Russian Federation is 59.2% and 24.1%, respectively. According to 
the 7th UN report, in 2013 the Russian Federation ranked 19th 
among all countries in the world in terms of obesity prevalence. 
Results of the 2013 ESSE-RF multicenter study (Epidemiology of 
cardiovascular diseases and their risk factors in 11 regions of the 
Russian Federation) that included 25,224 individuals aged 25-64 
years revealed that obesity prevalence in the population was 
29.7% [1, 2]. 

It has been known from the earliest times that obesity is a 
disease. Hippocrates viewed excessive adipose tissue as a 
pathology and wrote the following: “Sudden death is more typical 
for obese than for lean people.” Cardiomyopathy in obese patients 
was for the first time described in detail in 1818 in the monograph 
by J. Cheyne “A case of apoplexy in which the fleshy part of the 
heart was converted into fat” [3]. Since then, many studies were 
performed that prove the negative effect of obesity on 
cardiovascular system. According to the latest data, abdominal fat 
is not only a lipid deposition but also a hormonally active tissue 
that produces dozens of biologically active substances: cytokines, 
adipokines and biologically active proteins that lead to cardiac 
remodeling [4]. Modern literary sources provide quite a few 
reviews of how obesity affects the risk of developing various 
cardiovascular diseases (CVD): arterial hypertension (AH), coronary 
heart disease (CHD), myocardial infarction (MI), various 
arrhythmias and chronic heart failures (CHF). Thus, a recently 
published meta-analysis demonstrated that obesity was 

significantly associated with an increased risk of CVD, including 
mortality. In patients with diabetes mellitus, AH or CHD, mortality 
had a U-shaped relation to their body mass index (BMI) [5]. A 
meta-analysis that included data from 21 studies (778,401 
participants) focused on metabolic phenotypes. The MI risk was 
higher in metabolically unhealthy obese patients as compared to 
the patients with metabolically healthy normal weight phenotype, 
and the CHF risk was higher even in groups of patients with 
metabolically healthy overweight and metabolically healthy 
obesity. Moreover, healthy individuals with overweight and 
obesity demonstrated an increased risk of CVD. Thus, the 
researchers deduced that all metabolically unhealthy phenotypes 
in different weight categories were associated with an increased 
incidence of CVD, CHF and MI [6]. Another systematic review and 
meta-analysis of 29 studies describes the “J-curve” relation 
between BMI and possible HF development with the highest risk in 
patients with morbid obesity. The group of overweight patients 
demonstrated a lower cardiovascular mortality rate, which 
confirms the obesity paradox [7]. Another study of interest 
demonstrated that patients with BMI >45 kg/m2 were associated 
with higher prevalence of arterial hypertension, levels of systolic 
and diastolic blood pressure and C-reactive protein concentration, 
which means higher risk of CVD as compared to patients with BMI 
of 35.0-44.9 kg/m2 [8]. Obesity causes a number of social 
problems, such as retirement due to disability. The herein 
mentioned systematic review and meta-analysis of 25 prospective 
cohort studies that involved over two million participants 
demonstrated a J-curve relation between BMI and disability 
retirement: people with underweight, overweight and obesity 
were more likely to receive a disability pension for all the same 
reasons than people with normal weight. Herewith, overweight 
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increased the risk of disability retirement due to musculoskeletal 
system disorders, while obesity, in addition to the above reason, 
also increased the risk of retirement due to cardiovascular 
diseases and mental disorders [9]. Obesity is undoubtedly a global 
public health problem, which is why such focused attention is 
being paid to this disease. Despite a great many studies in this 
area, the occurrence and progression pathogenesis of cardiac 
structural and functional changes in obese patients is still not fully 
understood. Most publications describe development of one or 
several CVDs only. The purpose of our review was to systematize 
the present-day knowledge, to describe in detail obesity impact on 
all aspects of a cardiovascular pathology development for a more 
in-depth understanding of the problem. 

 

Myocardial remodeling 

Obese patients demonstrate changes in the structure and 
morphology of the heart due to hemodynamic, metabolic and 
inflammatory shifts that are caused by excessive adipose tissue in 
the body. The most typical change is the development of left 
ventricular myocardial hypertrophy (LVH). LVH prevalence in 
patients with overweight is three times higher than in patients 
with normal body weight [10]. Genesis of such pathology is 
multifactorial. 

First of all, we should mention leptin, a hormone produced by 
adipose tissue; obese patients demonstrate a significantly 
increased concentration of this hormone. It is known that 
increased concentration of leptin leads to a significantly increased 
risk of LVH. This is mainly due to arterial hypertension (AH), the 
most frequently associated pathology in obese patients that 
develops in case of hyperleptinemia. Leptin was proven to increase 
concentration of endogenous endothelin-1, a potent 
vasoconstrictor that possibly enhances activity of the sympathetic 
nervous system by increasing noradrenaline level in blood plasma, 
which leads to increased vascular tone and total peripheral 
vascular resistance. Also, leptin enhances platelet aggregation, 
stimulates production of reactive oxygen species, thereby 
provoking oxidative stress, which undoubtedly contributes to 
systemic inflammation and early progression of atherosclerosis 
that also increases the risk of AH [11]. Moreover, there is evidence 
that individuals with excessive adipose tissue develop LVH even in 
the absence of AH. A study by S. Adiarto et al. demonstrated 
increased expression of endothelin gene in cardiomyocytes and 
LVH development in response to increased leptin concentration. 
The authors advanced the hypothesis about independent impact 
of hyperleptinemia on myocardial hypertrophy development in the 
absence of FH and diabetes mellitus [12]. 

Another important hormone produced by adipose tissue is 
adiponectin. The data obtained revealed that the adiponectin level 
of under 10 μg/mL significantly increases the LV myocardium mass 
and LV myocardium mass index, which testifies to an inverse 
relationship between the thickness of the LV myocardium 
posterior wall and the adiponectin level. Administration of this 
hormone prevented LVH development [13]. It is argued that 
adiponectin inhibits development of myocardial hypertrophy 
caused by angiotensin II or AH through activation of the AMPK-
dependent signaling pathway in cardiomyocytes [14]. Present-day 
literary sources include data on the ability of adiponectin in 
endothelial cells to enhance generation of nitric oxide and to 
suppress generation of reactive oxygen species [15, 16]. 

Another important adipocytokine that has an effect on LV 
myocardial hypertrophy is resistin. Resistin was proven to promote 
inflammation, insulin resistance, and atherosclerosis. Resistin 
causes endothelial dysfunction through production of adhesive 
molecules, endothelial migration, and smooth muscle cell 
proliferation. The effect of hyperresistinemia on myocardial 
remodeling in obese male adolescents has been described. 
Negative correlations between resistin and LV end-diastolic size 
and diastolic volume were revealed [17, 18]. 

It is also necessary to mention the lipotoxicity phenomenon 
that includes accumulation of plasma triglycerides in myocardium, 
which directly leads to gradual development of myocardial 
steatosis [19, 20]. 

It is not only hormonal and metabolic changes typical for 
obese patients that contribute to LVH development, but 
hemodynamic changes as well. Patients with overweight 
demonstrate increased circulating blood volume (CBV) and 
increased stroke volume. It is known that CBV is proportional to 
the volume of the vascular network of peripheral tissues. A rather 
intensive blood supply to adipose tissue significantly increases CBV 
in case of excessive adipose tissue [10]. Decreased peripheral 
vascular resistance that occurs in obese patients contributes to 
gradual deposition of blood leading to an even greater increase in 
CBV and stroke volume. Increased CBV in obese patients is also 
due to impaired renal function that leads to water and sodium salt 
retention. Chronic volume and pressure overload leads to 
formation of eccentric LVH, enlargement of heart chambers, 
cardiac remodeling and development of chronic heart failures 
(CHF) [4]. 

Obesity results not only in LV but also in RV hypertrophy. A 
number of studies demonstrated that RV size and thickness of its 
free wall are significantly larger in obese patients than in patients 
with normal weight [20]. RV hypertrophy found in obese patients 
is mainly a consequence of increased CBV, developed left 
ventricular failure and respiratory failure during sleep [15]. To a 
certain extent, pulmonary hypertension progressing due to 
hypoxia caused by sleep apnea syndrome also contributes to the 
development of right ventricular failure [10]. 

 

Development of arrhythmias and conduction abnormalities 

In recent years, it has become undeniable that obesity is a 
predictor of arrhythmia development. Thus, according to the 
results of the Atherosclerosis Risk in Communities Study, it is 
obesity that determines the risk of arrhythmia in 17.9% cases [21]. 
The most common and clinically significant rhythm disturbance is 
atrial fibrillation (AF). Its prevalence is constantly increasing, its 
incidence in the general population reaches 2%. AF worsens the 
patients’ quality of life and increases the risk of fatal 
cardiovascular complications [22, 23]. Steadily increasing incidence 
of AF is largely due to the increase of obesity in the population. C. 
Wong et al. demonstrated an increase in AF risk by 3.5-5.3% for 
each unit of the body mass index (BMI) [24]. The Framingham 
Heart Study revealed that every fifth patient with AF is obese [25]. 
Other studies showed relationship between obesity and 
arrhythmia development was found even in young and middle-
aged patients with no history of cardiovascular diseases [26]. 
Based on the results obtained, special calculators were developed 
to assess the risk of AF development [27]. A study by R. Sandhu et 
al. showed that obesity was associated mostly with the 
development of persistent AF [28]. 
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Obesity is currently viewed as a major factor that increases the 
AF risk due to activation of the sympathoadrenal nervous system, 
increased activity of the renin-angiotensin-aldosterone system, 
development of insulin resistance, lipid metabolism disorders, and 
more frequent AH development in such patients [22, 29]. 

It is known that enlargement of the left atrial cavity (LA) is the 
main risk factor of AF development. The Framingham Heart Study 
showed that LA size was directly proportional to the risk of such 
arrhythmia development [30]. As of today, there is a lot of 
published data on increased LA in obese patients [31]. Basic 
mechanisms provoking LA increase in patients with excessive 
adipose tissue are as follows: volume overload due to a significant 
increase in CBV, AH and LV diastolic dysfunction that is often 
found in obese patients [4]. 

Lipid storage disorders also contribute to the risk of AF. 
Increased level of triglycerides, low-density lipoprotein 
cholesterol, and decreased level of high-density lipoprotein 
cholesterol are found in obese patients more often than in the 
general population. High concentration of triglycerides contributes 
to increased free fatty acids in blood plasma. The study by 
Khawaja O. et al. demonstrated arrhythmogenic effects of free 
fatty acids. Possible pathogenetic mechanisms of AF development 
in this case are as follows: decreased glucose oxidation and 
accumulation of acidic metabolic products in cardiomyocytes, 
activation of lipid peroxidation, release of lysophospholipids from 
damaged membranes of cardiomyocytes [32, 33]. 

Progressive obesity leads to deposition of fat not only in 
typical fat depots (abdominal fat) but also around various organs, 
including the heart. Accumulation of visceral fat between 
epicardium and the visceral layer of pericardium is called 
epicardial adipose tissue (EAT). The study by R. Mahajan 
demonstrated that obesity is accompanied by a significant 
increase in its volume [34]. Negative effect of EAT is multifactorial: 
there is a mechanical effect and pressure on the heart; there is a 
gradual accumulation of fatty deposits between muscle fibers and 
partial replacement of myocytes with adipocytes that secrete 
biologically active substances with direct and indirect cardiotoxic 
effects. Lipotoxic effect of adipose tissue is due to the fact that 
lipids are accumulated not only in adipocytes but also in other cells 
of the body including myocytes and endotheliocytes, and cause 
their dysfunction and apoptosis. Therefore, progression of 
steatosis inevitably leads to fibrosis development that is the main 
risk factor of cardiac arrhythmia development. Fat accumulations 
in the heart are in the form of stripes and originate from epicardial 
fat; they are largely accumulated in the region of the right 
ventricle and atrioventricular groove. Thus, the process of fatty 
infiltration of the heart muscle involves, first of all, the right 
ventricle, followed by sinus and atrioventricular nodes [4]. The 
Framingham Heart Study revealed that increased EAT was 
accompanied by increased LA and contributed to the development 
and long-term persistence of AF [22, 35]. Negative effect of EAT on 
the heart is due to the high hormonal activity of this tissue. It was 
proven that EAT macrophages secrete a large amount of 
proinflammatory cytokines that have a local arrhythmogenic effect 
on atrial myocardium. The level of expression of proinflammatory 
cytokines in EAT is much higher than in visceral adipose tissue in 
other localizations. EAT macrophages synthesize C-reactive 
protein, myeloperoxidase, interleukins, tumor necrosis factor-
alpha, transforming growth factor, heat shock proteins, galectin-3 
[22, 32, 36]. Leptin plays a significant role in the development of 
AF; its concentration in obese patients is significantly higher. A 

number of studies demonstrated accelerated development of 
atrial fibrosis associated with excessive concentration of leptin 
that significantly increased the possibility of AF development [37]. 

EAT is anatomically associated with myocardium; infiltration of 
myocardium by dysfunctional adipose tissue accompanied by 
inflammation and fibrosis processes contributes to electrical 
remodeling of atria that leads to impaired intra-atrial conduction 
[38, 39]. The study by Friedman D. et al. showed the relationship 
between EAT and slowing of atrial impulse conduction time; it was 
suggested that pericardial fat alters the electrophysiology of atria 
and increases the risk of arrhythmias [40]. Modern literary sources 
show that infiltration of cardiac conducting structures (sinus node, 
atrioventricular node, bundle branch) with fat cells can be 
accompanied by conduction disorders along these pathways; there 
are also reports of more frequent development of supraventricular 
and ventricular extrasystole, supraventricular tachycardia in 
patients with excessive adipose tissue [41, 42]. The study 
performed by A. Zemva showed that obese people have an 
increased frequency of ventricular extrasystoles as compared to 
patients with normal body weight, and this is not associated with 
AH or ventricular hypertrophy [43]. E.I. Panova et al. analyzed the 
characteristics of the heart rhythm in men of working age with AH 
and obesity and concluded that obesity in combination with AH 
increases the incidence of AF by 15.3%, and of ventricular 
premature beats – by 26.5%, as compared to people with normal 
body weight, while there was also a connection between 
arrhythmias and the severity of obesity. The relative risk of AF 
development in patients with AH combined with obesity increased 
by 6.2 times, and the risk of ventricular premature beats – by 5.31 
times. Additional risk factors of ventricular premature beats 
included CHD, angina, LV hypertrophy, and LA dilatation. This 
paper also shows the relationship between the number of 
ventricular extrasystoles per day and the adiponectin level [44]. 
Obese patients are characterized by tachycardia caused by 
activation of the sympathoadrenal nervous system. Mechanisms of 
proarrhythmic electrophysiological remodeling in obese patients 
are not clearly understood. Obese patients demonstrate 
prolonged QT interval, increased frequency of ventricular 
extrasystoles, and increased risk of sudden cardiac death that is 
usually arrhythmogenic [45]. Analysis of the electrophysiological 
state of myocardium in patients with obesity and metabolic 
syndrome revealed sinus node dysfunction, lengthening of 
refractory periods of α and β pathways of AV junction [44, 46]. 

 

Diastolic dysfunction 

In recent years, clinicians and physiologists focused on the 
study of development mechanisms of myocardium diastolic 
dysfunction (DD) and its role in the onset of CHF. Numerous 
studies demonstrated that DD can serve as a reliable and sensitive 
marker of both early and later myocardial damage. Disorders of 
the active relaxation of ventricular myocardium and impaired 
compliance of ventricular walls that underlie DD are most often 
found in case of atherosclerosis, myocardial ischemia, AH, and 
diabetes mellitus [47]. The impact of obesity on DD development 
is actively discussed in modern literary sources. A number of 
research papers showed that asymptomatic impairment of LV 
diastolic function developed in patients with abdominal obesity 
(AO) even before the onset of clinical signs of a heart failure [48, 
49]. The results of the study by E.V. Bazhenova et al. prove the 
effect of obesity on the development and further progression of LV 
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DD. It was found that the risk of LV DD development in obese 
patients without concomitant AH with a BMI of ≥30.0 kg/m2 
increases by 3.7 times [50]. Analysis of the results of the study by 
I.R. Popova reveals that the prevalence of LV DD in obese patients 
is 2 times higher than in people with normal BMI. A direct 
correlation was found between LV DD and BMI [10]. The study by 
Tsujimoto T. et al. showed that obesity was one of the early 
predictors of increased mortality in patients with a heart failure 
with preserved LV ejection fraction (EF) [51]. AO plays a special 
role in the development and progression of DD. Thus, C. Russo et 
al. demonstrated that AO can be a risk factor of LV dysfunction 
development regardless of the presence of general obesity [52]. 

Pathogenesis of LV DD development in obese patients still 
remains a poorly understood issue. Most scientists believe that DD 
in obese patients is caused by combined influence of metabolic 
and hemodynamic factors associated with excessive abdominal 
and visceral adipose tissue [50, 53, 54]. Obesity is associated with 
structural and functional changes in LV that lead to LV hypertrophy 
and increased cardiac output. Insulin resistance and increased 
oxidative stress observed in obese patients exacerbate myocardial 
relaxation disorders and provoke early development of DD [52]. 
The study by Rayner J. demonstrated the negative effect of 
visceral fat on diastolic function due to concentric remodeling of 
LV myocardium, increased triglyceride levels in myocardium, and 
impaired myocardial metabolism. According to their data, it is the 
change in myocardial metabolism that has the most effect on the 
formation of DD in obese patients [48]. Thus, myocardial steatosis 
and lipotoxicity make a significant contribution to the 
development of this pathology [55]. The research paper by 
Gritsenko O.V. et al. demonstrated the relationship between EAT 
thickness and the levels of pro-inflammatory cytokines (tumor 
necrosis factor-α, interleukin-6), adipokines (leptin and 
adiponectin) and markers of myocardial fibrosis (matrix 
metalloproteinase-3, transforming growth factor-β and collagen). 
Based on the results of their work, it can be concluded that 
elevated profibrotic factors in patients with increased EFT 
thickness of ≥7 mm may be a marker of preclinical and, therefore, 

earlier signs of lipotoxic myocardial fibrosis that was not detected 
by echocardiographic examination in the form of DD [56]. 

 

Systolic dysfunction 

The main problem with assessing obesity impact on LV systolic 
function is that patients with excessive adipose tissue and 
decreased LVEF, normally, already demonstrate a combined 
pathology, such as CHD, AH, diabetes mellitus, which are 
indisputable causes of LV systolic dysfunction (SD). Therefore, it is 
very difficult to study pathogenetic mechanisms of SD 
development with underlying obesity. The results of studies of LV 
systolic function in obese patients are rather contradictory. Some 
authors report decreased LVEF, others report normal or even 
increased LVEF (so-called hyperdynamic heart response with an 
increase in EF of over 80%) in obese patients. It should be noted 
that the authors of such articles always mention that it is difficult 
to separate the negative impact of obesity from the consequences 
associated with the diseases of cardiovascular system [53]. Such 
inconsistency in the research results may, among other things, be 
explained by a reflex increase in endocardial excursion surrounded 
by a hypertrophied layer of myocardium in the early stages of LV 
remodeling in case of obesity. Applying Simpson’s technique that 
includes measuring the rate of systolic expulsion of blood from LV 
made it possible to find that patients with initial stages of obesity 
demonstrated decreased myocardial contractility even with 
normal LVEF [4, 31]. A number of studies of obese children and 
adolescents who were diagnosed with LVH with impaired systolic 
function showed the negative effect of obesity on the 
development of DM and LV systolic dysfunction [57]; similar 
changes were registered in obese patients at the age of thirty, 
forty and fifty years, which negates the correlation between an 
impaired LV systolic function and the patient’s age. Animal studies 
revealed that impaired LV systolic function in case of obesity was 
due to a decreased myocardial sensitivity to calcium ions and 
decreased number of β-receptors in the heart muscle [4]. 

 

 
Figure 1. Obesity impact on cardiovascular system. 

CBV, circulating blood volume; EAT, epicardial adipose tissue; SAS, sympathoadrenal system; RAAS, renin-angiotensin-aldosterone system; AH, arterial 
hypertension; AF, atrial fibrillation; RV hypertrophy, right ventricular hypertrophy; CHD, coronary heart disease; ACS, acute coronary syndrome; CHF, chronic 
heart failure. 
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Questions about whether relatively mild changes in myocardial 
systolic function progress with a longer period of obesity and 
whether prolonged obesity leads to heart failures regardless of 
CHD or other diseases remain open. Alpert et al. suppose that the 
duration of obesity is a factor determining the possibility of 
development of DM, LV systolic dysfunction, and heart failures 
[58]. 

Pathogenesis of CHF in obese patients is based on the 
deterioration of myocardial compensatory mechanisms due to 
increased hemodynamic load. It was proven that cardiac output 
and stroke volume are significantly increased in obese patients, 
even in the absence of diabetes mellitus, AH, and other heart 
diseases, and they reliably correlate with the patients’ weight [59]. 
Increased cardiac output in obese patients is due to the need to 
meet the increased metabolic requirements of excessive adipose 
tissue. As the amount of adipose tissue increases, resting heart 
rate increases, which is caused by activation of the sympathetic 
nervous system and decreased activity of the parasympathetic 
nervous system. Tachycardia further increases cardiac output. 
Increased stroke volume and cardiac output are also the result of 
gradually increased CBV, which is a compensatory reaction in 
response to the enlarged volume of vascular bed associated with 
increased body weight. Increased CBV and cardiac output lead to 
decreased peripheral resistance. Thus, the basic pathogenetic 
mechanism for CHF development in obese patients is the 
deterioration of myocardial compensatory capabilities due to 
increased CBV being an adaptive response to accumulation of 
excessive adipose tissue [60]. 

Figure 1 shows the impact of excessive adipose tissue. 

 

Conclusion 

The obesity problem is currently a priority medical challenge. 
The modern literature views obesity not only as an undeniable risk 
factor of cardiovascular diseases but also as a disease that 
increases the risk of a sudden cardiac death [41, 45]. The scientific 
novelty of this article consists in a detailed and unified 
presentation of such data. There are many publications that 
describe the negative impact of obesity on the development of 
cardiac structural and functional changes that lead to left 
ventricular hypertrophy, rhythm and conduction abnormalities, 
development and progression of chronic heart failures. Physicians 
require understanding of pathogenetic aspects of obesity impact 
on CVD development for a personalized approach to patient 
treatment, which is undoubtedly the main trend in modern 
medicine. Measures aimed at promotion of a healthy lifestyle and 
proper nutrition of the population and timely treatment of obesity 
will undoubtedly help reduce cardiovascular morbidity and 
improve the quality of life and life expectancy. 
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